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The Impact of Quan7ta7ve Satellite Data 
on Numerical Weather Predic7on  



Impact of satellite temperature soundings 
during the Data Systems Tests (DST) 

•  NASA Studies: Halem et al. (1978), Ghil et al. 
(1979a,b), Atlas et al. (1979, 1982), Atlas 
(1979, 1982)   

•  NOAA/NMC Studies:  Desmaris et al. (1978), 
Tracton et al. (1980, 1981) 

•  NMC acknowledged significant beneficial 
impact at AMS NWP conf. in 1979 and in later 
papers.   
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Fig. 4. Sea level_pressure/1Q00-500 mb thickness mapsfor 0000 G{r 21 Feb. 1976.
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c) ARal-ysis

Fig'. 5. Sea level pgessur-e40_00=500 nrlc,thiclcnegs_ rrnpS r,for 1200 C{I' 21 Feb. 1976. :
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c) Analysis

Fig. 9. Sea level pressure/l000-500 mb ttriclmess maps
for 0000 G{I 14 Feb. 1976-
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Impact of current and future satellites 

•  Impact of current instruments  
– SeaWinds on Quikscat,  

– TRMM, AIRS, MISR, MODIS 

•  New instruments and their poten7al 
– Doppler Wind Lidar 

– XOVWM or Dual Frequency Sca[erometer 
– Aries  
– PATH 



 Impact of SeaWinds Sca[erometer Data on Ocean 

 Surface Analysis and Weather Predic7on 
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Using QuikSCAT surface wind data from 2000-2001, Li et 
al. identified various processes by which tropical 
cyclones (TC) are formed in the western North Pacific.  

Detecting the Birth of  
Tropical Storms 
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Opera@onal Use and Impacts of TRMM 
Instruments at NCEP 

– Real‐7me es7mate of Hurricane intensity and 
structure (TPC) 

– Rou7ne  precipita7on product 
–  Input to global data assimila7on for model ini7al 
condi7ons 



Improving Tropical Cyclone Track  
Forecasts 

Assimilation of TRMM rainfall location, intensity and vertical structure into hurricane 
forecast models leads to improvements in forecasts of future position 

Hurricane Bonnie, Atlantic, Aug 1998 

Dr. A. Hou, NASA DAO 

5 Day Forecast 
       Official 
       Without TRMM 
       With TRMM 

Reduced track errors can save money ($600K - $1M per mile of coast 
evacuated) and save lives by more precise prediction of eye location at landfall 
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High Resolution Cross-Track 
Winds 

• Data available from 2000 to 
present 
• Purely geometric retrieval, 
model independent 
• Spatial Resolution (1.1 km) 
• Height Resolution (< 500 m) 
• Accuracy (2-3 m/s) 
• Detailed rotation structures 
inside the eyewall 
• Potential useful for hurricane 
intensity studies 

Cloud Top 
Height (km) 

Hurricane Alberto (2000)  Multiangle Imaging  
SpectroRadiometer (MISR)  
on NASA’s Terra Satellite  



AIRS Improves Tropical Cyclone Forecast 

5 of the 7 forecasts’ 
error at landfall is  
less than 50km 

No Cyclone 
Good landfall location 
Good landfall timing 

AIRS Vis Image: Nargis, May 1, 2008 

Reale, O., W. K. Lau, J. Susskind, E. Brin, E. Liu, L. P. 
Riishojgaard, M. Fuentes, and R. Rosenberg (2009), AIRS 
impact on the analysis and forecast track of tropical cyclone 
Nargis in a global data assimilation and forecasting system, 
Geophys. Res. Lett., 36, L06812, doi:
10.1029/2008GL037122. 
http://www.agu.org/journals/gl/gl0906/2008GL037122/ 

Recent Paper finds AIRS Has Major Impact to Tropical 
Cyclone Nargis Forecast in Re-Analysis (After Event) 
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Advanced Sounder (ARIES) 
High Spa7al / High Spectral Resolu7on 

Band Spectral Range Spectral 
Resolution 

No. 
Channels 

MW1 2100 - 2950 cm-1 1.0 cm-1 787 

MW2 1150 - 1613 cm-1 0.5 cm-1 1000 

LW1 880 - 1150 cm-1 0.5 cm-1 637 

LW2 650 - 880 cm-1 0.4 cm-1 674 

AIRS ARIES 

13.5 km 1.0 km 

MODIS Spatial Resolution 

AIRS Spectral Resolution 

AIRS Water Vapor Isosurface 

+ 
MODIS Hurricane Image 







Doppler Wind Lidar Impact 
on Hurricane Predic7on  

•  Hurricane forecast tracks 
improved when adding 
simulated Doppler wind 
lidar observa7ons (blue)  
–  100 km spacing 
–  25 km target sample volume 
–  1 m/s accuracy 

Based on OSSE’s  conducted by 
NASA/GLA and NOAA/AOML in 
collaboration.   



Summary 

1.  Quantitative satellite data has been making important contributions to 
numerical weather prediction since the late 1970ʼs.


2.   It has contributed to improved initial conditions as well as to the 
development of improved  models and data assimilation systems.


3. 
Results from the NASA and NOAA OSSEs that were conducted over the 
past twenty years using four different data assimilation systems, all 
indicate that there would be a substantial impact of space-based lidar 
winds on weather prediction provided that sufficient coverage and 
accuracy are achieved. 


4. 
The need for higher temporal and spatial resolution suggest that ARIES, 
PATH, and XOVWM or Dual Frequency Scatterometer data have great 
potential to improve weather prediction beyond its current state.



